The primary aim of this study was to compare the plasma cytokine and exertional responses to 30 min 12 low (40% VO 2peak ) and moderate (60% VO 2peak ) intensity submaximal ACE. A secondary aim was to 13 compare the same responses to low intensity (40% VO 2peak ) ACE performed with concurrent leg cycle 14 ergometry (LCE) to match the total power output (PO) performed during moderate intensity ACE 15 alone. It was hypothesised that 30 min low and moderate intensity ACE would significantly elevate 16 plasma IL-6 and anti-inflammatory cytokine concentrations, with a smaller response observed in the 17 low intensity trial. Concurrent low intensity ACE and LCE was expected to increase load on the 18 cardiovascular system (oxygen uptake, heart rate) compared to performing low intensity ACE alone, 19 but have no influence on the plasma cytokine response. 20
Participants & Experimental design 23
Twelve recreationally active males (age = 23±5 yr; body mass = 79.5±9. 
Preliminary measures 14
On arrival at the laboratory, body mass was measured in the sitting position to the nearest 0.1 kg using 15 double-beam scales (Marsden MPWS-300, Henley-on-Thames, UK). All exercise trials were 16 performed using two electric-magnetically braked ergometers designed for upper and lower limb 17 exercise (Lode, Lode B.V. Medical Technology, Groningen, the Netherlands). First, participants 18 positioned themselves on the LCE and seat height was adjusted to allow lower-limb cycling with a 19 slight flexion of the knee. Subsequently, arm crank ergometer height was adjusted to ensure the crank 20 axis was level with the sternum at a distance allowing slight flexion of the elbow during cranking. 21
Ergometer setup was standardized between trials. Heart rate (HR) was monitored continuously using 22 radio telemetry (Polar PE 4000, Kempele, Finland). On-line respiratory gas analysis was carried out 23 throughout each 4-min stage via a breath-by-breath system (Cortex metalyser 3B, Cortex, Leipzig, 24 the beginning of each session as described elsewhere (Borg 1998) . 12
After a 15-min rest period, a graded exercise test to exhaustion was performed to determine V O 2peak . 13
The test involved increments of 10 W every minute from an initial PO of 40±9 W at a freely chosen 14 crank rate above 60 rpm until volitional exhaustion. Expired air and HR were measured continuously 15 throughout the test and the differentiated RPE at exhaustion was recorded as previously described. in V O (<2 ml·kg·min¯¹) over the last two incremental stages of the test; 2) peak RER value >1.10; and 20
3) a peak HR >95% age-predicted maximum (200 bpm¯¹ minus chronological age).
40% V̇O 2peak ACE (LOW) and 60% V̇O 2peak ACE (MOD) 23
A standardized 5-min upper limb warm-up at 20W was performed prior to all main trials. The arm-24 crank ergometer was then set at the imposed PO corresponding to 40% V O 2peak and 60% V O 2peak and 25 participants were asked to maintain a cadence of 70-80 rpm for 30 min. HR and respiratory data (V O 2and exchange ratio (RER)) were measured constantly during each bout and averaged over a 60 s 1 period every 10 min. Data at 10 min intervals was then averaged to provide an average for the 30 min 2 trial. Differentiated RPE and BLa¯ were recorded at the end of each trial. 3
40% V̇O 2peak ACE and leg cycle ergometry to match total PO during MOD (HYB) 4
Participants performed a 5-min LCE warm-up at an intensity of 20 W concurrent with the 5 standardized ACE warm-up. The difference in PO between the LOW and MOD trials was calculated 6
for each participant and provided the imposed intensity of LCE performed in addition to ACE. 7 Therefore, the ACE load was identical for the LOW and HYB trials. In turn, total PO was identical for 8 the MOD and HYB trials. Participants were asked to maintain a cadence of 70-80 rpm for ACE and 9 80-90 rpm for LCE for the 30 min bout. HR, respiratory data, differentiated RPE and BLa¯ were 10 determined as previously described. Previously, a 15-min familiarisation period to the hybrid exercise 11 modality was provided for each participant during the preliminary visit at a standardized 30 W and 20 12 W for ACE and LCE load respectively. 13
Blood analyses 14
A 7.5 ml blood sample was collected before, immediately after exercise, 1 h post-exercise and 2 h 15 post exercise from an antecubital vein into a K 3 EDTA vacutainer. Blood samples were refrigerated 16 until the final sample from each participant was collected and then spun down together in a 17 refrigerated (4ºC) centrifuge at 1500g for 10 min. The separated plasma was then immediately stored 18 at -80ºC. Plasma concentrations of IL-6, IL-10, IL-1ra, cortisol and epinephrine were determined 19 using quantitative sandwich-type enzyme-linked immunosorbant assay (ELISA) kits (IL-6, IL-10, , 20 IL-1ra: R&D systems, Abingdon, UK; cortisol: DRG instruments, Marburg, Germany; epinephrine: 21 IBL international, Hamburg, Germany), according to the manufacturers' instructions. All samples 22
were analysed in duplicate. The within assay co-efficient of variation for the analyses performed were 23 as follows: adrenaline: 3.0%; cortisol: 2.5%; IL-6: 5.4%; IL-10: 5.0% and IL-1ra: 6.2%.
Statistical analyses 1
All data were analysed using the statistical package IBM SPSS for windows version 20 (SPSS inc, 2 Chicago, IL). Normal distribution of the outcome variables was confirmed for all data using a 3 Shapiro-Wilk test. Plasma cytokine and hormone data were analysed in a two factor (trial x time of 4 measurement) mixed measures ANOVA. Where significant F-ratios were shown, separate one-way 5 repeated measures ANOVA with Tukey post-hoc tests were employed to determine changes across 6 time within each trial. Separate paired students t-tests were employed to determine differences 7 between trials at each time point. A Bonferroni adjustment was performed on the unadjusted alpha 8 value when performing multiple comparisons. For comparisons where the assumption of sphericity 9 was violated, a Greenhouse-Geisser correction was applied. PO, V O 2, HR, RER and BLa¯ data were 10 analysed by paired students t-tests. All differentiated RPE data were analysed by non-parametric 11
Friedman and Wilcoxon signed-rank tests. Data are presented as mean ± standard deviation except 12 ordinal RPE data which is presented as median (quartile ranges). Significance was set a priori at 13 p≤0.05. 14 15
Results

16
Plasma IL-6 concentrations showed a significant main effect for time (p=0.02) and trial x time 17 interaction (p=0.04). Post-hoc analysis showed plasma IL-6 concentrations were significantly (p<0.05) 18 elevated immediately post exercise (~2-fold) and at post 1 h post exercise (~2.5-fold) in each trial. At 19 2 h post exercise, plasma IL-6 concentrations following MOD were significantly elevated above rest 20 (3-fold) (p=0.03) and significantly higher than LOW and HYB (p<0.05) (Figure 1) . A significant 21 main effect for time (p=0.01) and trial x time interaction (p=0.02) were also present for plasma IL-1raconcentrations. Plasma IL-1ra was unaffected by exercise in LOW and HYB. In contrast, a significant 23 elevation was seen at 2 h post exercise in MOD (2-fold) compared to pre exercise (p=0.005) ( Figure  24 1). At 2 h post exercise, plasma IL-1ra concentrations in MOD were significantly higher than LOW1 A significant effect for time (p=0.01) but non-significant trial x time interaction were present for 2 plasma cortisol. In all trials, plasma cortisol concentrations were significantly lower at 1 h and 2 h 3 post exercise compared to pre exercise (p<0.01) (Figure 2) . No significant main effects were observed 4 for plasma adrenaline concentrations (Figure 2) . A comparison of the physiological responses across the three main trials is provided in Table 1 . PO, 10 V O 2, %V O 2peak , HR and %HRpeak were significantly higher during MOD and HYB than LOW. In 11 addition, HR, %HRpeak and BLa⁻ were significantly higher in MOD than HYB. No difference in 12 RER was found between any trials. The differentiated RPE responses for all trials are shown in Table  13 2. All differentiated RPE were significantly higher in MOD than HYB, with HYB higher than LOW. 14 RPE P was significantly (p<0.05) higher than RPE C and RPE O within each trial. 15 Table 1 ] 17
[Insert
[Insert Table 2] 18
Discussion 19
The present study investigated whether the contracting upper limb may initiate a inflammation-20 mediating plasma cytokine response at lower absolute and relative intensities than previously 21 hypothesis, a significant increase in plasma IL-6 (2-fold) was seen immediately post and 1 h post low 23 (40% V O 2peak ) and moderate (60% V O 2peak ) intensity ACE. To the authors' knowledge, this is the first 24 study to report 30 min moderate intensity ACE is sufficient to initiate a significant plasma IL-6 (3-25 fold) and IL-1ra response (2-fold) 2 h post exercise. The inflammation mediating cytokine response in 26 both trials was independent of SNS or hypothalamic-pituitary-adrenal (HPA) axis activation. This wasevidenced by an absence of a plasma adrenaline response in any trial and no difference between trials 1 with respect to the plasma cortisol response. As expected, the addition of concurrent lower limb 2 cycling to low intensity ACE did not augment the plasma IL-6 response compared to low intensity 3 ACE alone. 
Conclusion 7
This study aimed to further scientific knowledge supporting the prescription of regular physical 8 activity and exercise involving the upper limb. The major finding was that 30 min moderate but not 9 low intensity ACE resulted in an IL-6 response associated with subsequent elevation in plasma 10 concentrations of the anti-inflammatory cytokine IL-1ra. This response occurred independent of SNS 11 activation and at a lower absolute power output than previously observed in lower limb exercise 12 literature. No additional plasma IL-6 response but a greater oxygen uptake was observed following Interleukin-6 release is higher across arm than leg muscles during whole-body exercise. Exp. Physiol, 7 96(6), 590-598. Note. a = significantly different from MOD and HYB; b = significantly different from MOD. Data are 4 mean ± standard deviation. 5 PO = power output; V O 2 = oxygen uptake; %V O 2 peak = percentage of peak oxygen uptake; HR = heart 6 rate; RER = respiratory exchange ratio; BLa⁻ = blood lactate concentration. 
